The sorption of gaseous HBr by copper and magnesium sulphates by Sawyer, Henry Greeley
o v V R
;
r r )'}••{'.Im ol Gaseotu HBi bj
tmtv. DH
THE UNIVERSITY
OF ILLINOIS
LIBRARY
VMS
So


THE SORPTION OF GASEOUS III5w
BY
COPPER AND MAGNESIUM SULPHATES
BY
HENRY GREELEY SAWYER
THESIS
FOR THE
DEGREE OF BACHELOR OF SCIENCE
IN
CHEMICAL ENGINEERING
COLLEGE OF LIBERAL ARTS AND SCIENCES
UNIVERSITY OF ILLINOIS
1915
Digitized by the Internet Archive
in 2013
http://archive.org/details/sorptionofgaseouOOsawy
UNIVERSITY OF ILLINOIS
THIS IS TO CERTIFY THAT THE THESIS PREPARED UNDER MY SUPERVISION BY
ENTITLED
6
T
22,
IS APPROVED BY ME AS FULFILLING THIS PART OF THE REQUIREMENTS FOR THE
DEGREE OF^
Instructor in Charge
APPROVED . If. J-H~*1
HEAD OF DEPARTMENT OF CL
UIUC
TABLE OF CONTENTS.
INTRODUCTION. Page
Absorption anJ Adsorption 1,
Theories of Adsorption 2.
Adsorptions of Cases ..... 4.
Special Cases of Adsorption 5.
EXPERIMENTAL. •
Preparation of Charcoal 8.
Description of Test 9.
Results 10.
Conclusions 13.
Sorption by Copper Sulphate 14-20,
Preparation of Materials 14.
Apparatus 15.
Air Calibration of Bulb 15.
Conclusion 20.
Sorption by Magnesium Sulphate
.
,21-24.
Preparation of Magnesium Sulphate . 31.
Air Calibration of Tube . 21.
Conclusion .24.
OOQOO-
-c

IN T R P U C T I N.
3I8S1?

INTRODUCTION.
Abaorp t ion and Adsorption.
It has long been known that charcoal has the power to take
up coloring matter from solution, 30 that a complete decoloration
of fluids could be brought about by simply filtering them through
carbon, a method which is of great value for many industrial pro-
cesses. Charcoal also ha3 the property of taking up gasos, es-
pecially those which are easily liquified.
Further investigations (1) have shown that not only carbon,
but other substances which are finely divided, or are made up of
fine fibers, such as finely divided platinum, iridium, powdered
glass, silicic acid, clay, meerschaum, cotton, silk, leather or
wool possess the 3ame condensing povver as charcoal.
Where this absorption takes place thcughout the mass of the
absorbing material the phenomenon is to be considered as true ab-
sorption. In this case the amount of surface presented by the
agent is not of primary importance. It must be remembered that
the term is still used to cover a variety of cases, thu3 water
is said to absorb a gas,- in this case we clearly mean that it dis-
solves the gas. Again we speak of the absorption of water by a
sponge or of moisture by a solid.
It has been suggested, to use the term "sorption" for all
cases in which it is not desired to specify explicitly the nature
of the reaction. "Absorption" then would be limited to those cases
in which the whole mass of the agent, a3 in absorption of a gas
by a liquid or moistiire by sulphuric acid, is involved. Under
"adsorption" we would consider those cases in which we have a
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clcse juxtaposition of the reactive subjtances without actual
intermingling^ or solution. In this latter case the amount of
surface presented becomes one of the dominating factors. If
for example (2) glass^powdered so as to provide a large surface^
is introduced into a solution of a salt
A
leav*&$ the body of the
solution and adhering in one form or other to the surface of
the glass. It is to this phenomena the term adsorption has been
appiieu.
The chief problem in the investigation of this adsorption
is to determine how great is the quantity taken up by the sub-
stance and how it changes with concentration of the surrounding gas
or s01^ ion, and with the temperature. On the whole it may be
said that the amount absorbed increases with the strength of
solution and diminishes with rise of temperature, but there are
many certain exceptions.
Theori e s of Adsorption .
The following are the chief hypotheses in regard to adsorp-
tion: (5) (4)
1. True Chemical Binding.
2. True Solid Solution.
3. A form of solid solution in which, on ac-
count of the difficulty of diffusion,
practically only the outer layer becomes
saturated.
4. Condensation on the bounding surface
of the adsorbing substance.
Of these, 2. and 4. are looked on nowadays as tenable. The
thoery involving purely chemical forces appears highly improbable
in many cases. Thus for instance it might be difficult to con-
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oeiva of a chemical reaction of the ordinary type between finely
divided SiOo and dyes. Or between a substance as inert as carbon
and many of the numberless substances which it will remove from
solutions. On the other hand it i3 true that between substances
which do under ordinary circumat ances show tendency to combine ad-
sorption becomes very pronounced. Thi3 is to be considered as an
effect superimposed on tho other ana intensifying it.
The third theory^while sufficiently adequate in some cases,
an intermediate phase, in which the adsorbed substance is soluble
in the adsorbent, which is not necessarily true in every instance.
The result cf Schmidt (5) with acetic acid on charcoal shows
that the process is one of condensation, by the rapidity in which
equilibrium is established ana by consideration of the ratio of
distribution of the substances between two phases.
On the other hand Davies (6) found that when iodine is shaken
with charcoal a very rapid action is followed by a slow action, the
latter being presumably due to slow diffusion of the iodine into
the interior of the charcoal.
McBrain (7) and Firth (3) have shown that when hydrogen which
has been in contact with charcoal is pumped out^ the greater part
of it (that condensed on the surface) can be drawn off immediately,
but a small resiuue (true solid solution) can only be removed
slowly by continued heating and pumping.
Summing up these statements it can be said that adsorption is
physical in nature and mainly due to surface condensation but
chemical combination of one kind or another may also occur and in
many cases these various processes may and do complicate each other.
will ,again
;
not apply in every case,
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Auaorption of Gases.
The nature of the process of adsorption of gases is best
shown by the work of Homfray, (4) Titoff (8) and Travers (9) on
the adsorption of pases by chrrcoal.
The amount of gas adsorbed is found to be proportional to the
adsorbing surface and to increase the lower the temperature and 7L,
higher the pressure. Titoff found that the adsorption formula
of hydrogen follows Henry's law:
Then —~- = constant
Where a concentration in solid phase and Cg that in gas phase.
Other gases at low temperature do not follow Henry' 3 Law but
the results are represented by the formula
^ — constant
°/3
This exponential formula is fairly representative of adsorp-
tion, both in gases anu dissolved substances. This formula is
sometimes sttated as A =» KC^ where A is the adsorbed quantity
per gram of adsorbent, K, constant, C the pressure of surround-
gas or the concentration of surrounding liquid, n an exponent
less than unity.
The adsorption formula suggested by Arrheniu3 is in the form
x represents the quantity of substance taken up by one gram
of charcoal, 3 the maximum value of x, c the pressure of the
surrounding gas and k a constant.
This formula represents satisfactorily the experimental data
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of Titoff and Miss Homfray and results of Smith on adsorption of
acetic acid.
This expression has the advantage over the exponential formula,
that it contains only one arbitrary constant.
Firth states that the adsorption of hydrogen by charcoal is of
a double nature l)-adsorpt ion carried out in a few minutes 2)-ad-
oorption (solid solution) that needs many hours for equilibrium
to be reached. He al3o states that the quantity taken up is not
constant but varies for different kinds of charcoal. All kinds of
charcoal contain crystalline as well as amorphous carbon, but the
activity depends on the amorphous carbon.
Special case s of Adsorpt ion.
Specific instances have been worked out which have resulted
in the conclusion that the adsorption phenomenon is a much more
common occurrence than chemical interaction.
(10) By adsorption, hyurogels may take up and hold acid3,
alkalies, salt3 etc. dissolved in water in such quantities that
sometimes the resulting products may be mistaken for chemical
compounds.
(11) It is found that in removing water from colloidal hy-
droxides, different chemical compounds holdins: varying amounts of
water are not formed by stages but the water content of these
hydrates changes continuously. They give up the requisite amount
of water in order to equalize the vapor pressure of the gel with
its surroundings.
(12) Kane found that when copper sulphate, either dry or fine-
ly powdered, was placed in an absorption tube and dry hydrogen
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chloride gas paasea over it, a rapid absorption of gas occurred
and a certain amount of green crystals and brown substance were
formed.
When the brown colored substance was heatod it readily parted
with its hydrogen chloride leaving copper sulphate. Fror. its
aqueous solution sulphuric acid and cupric chloride crystals were
obtained.
The theory given as an explanation was that the hydrogen
chloride is absorbed by copper sulphate and combined with it in the
same manner that water would be.
That certain surfaces not only have the power of adsorbing a
solute as a whole from solution^ but also have the power of adsorb-
ing one solute at a greater rate than another. Selective adsorp-
tion can be shown qualitatively in numerous ways (13)
An interesting case of selective adsorption is to be found
with congo red and adsorbent cotton. If the base of a column of
absorbent cotton is immersed in a solution of congo red made very
slightly acid, in a very few minutes the cotton is colored blue
(acid reaction) while above the blue color for about an inch is
seen the red color of neutral or alkaline reaction. Above the red
the cotton is wet with water.
Soils, for instance, not only have the power of adsorbing dis-
solved salts from solution but also of adsorbing one ion at a
greater rate than the other. This selective adsorption of soils
can easily be aetermined quantitatively and is an important char-
acteristic of soils. In fact it is possible that the peculiar
behavior of certain clays, and their poor qualities as soils de-
pends not so much on the lack of certain constituents but on the

tenacity with which they retain what ia present in really ample
quantity.
A dissolved substance is positively adsorbed when it lowers
the surface tension, negatively adsorbed when it raises the sur-
face tension (14). The first case is met with organic aoluticns,
the second with highly inorganic salt3.

EXPERIMENT A L.
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KIPERIlttNTAl.
The object of these experiments was to determine the reaction
involved when pure hydrogen bromide comes in contact with certain
substances.
The method to be used consisted in finding the relation be-
tween the weight of adsorbing substance and pressure of gas. This
with the volume of the system known could be converted into vol-
ume relations. The fir3t work in this connection was with char-
coal as an adsorbing material. If charcoal adsorbed sufficient
hydrogen bromide to be utilized as a reservoir, giving up hydrogen
bromide either upon heating or reducing the pressure, the ex-
perimental procedure could be simplified considerably. Thus the
charcoal could be used first to adsorb a quantity of pure hydro-
gen bromiae. Its container woulu. then be connected to the evac-
uated adsorption bulb, with manometer between, and by heating
the charcoal and opening bulb different pressures could be ef-
fected and the surrounding gas would always be hydrogen bromide.
To determine if this was practicable, a series of tests
were made with charcoal. In these tests charcoal made from the
outer shell of the cocoanut and that from corn cobs was used.
Preparation o f Charcoal
.
The outer shell of the cocoanut was broken into small
pieces and heated to red heat in a muffle furnace. It was cooled
rapidly by quenching with distilled water, the water was drained
off and the charcoal allowed to stand in dilute hydrochloric
acid for 36 hours. Following this it was washed free from
chlorides upon the filter and dried in an oven at 300° C. for

-0-
5 hours.
The same procedure was followed, in making the charcoal from
broken corn cobs.
In making the te3t3 the apparatus shown in Plate I, was
used. Hydrogen oromide wa3 generated in A by dropping bromine
upon moi3tenea red phosphorous. U-tubes 3 B contained glass
beads ana moistened red phosphorous. C contained calcium
chloride
.
The two kind3 of charcoal were placed in separate weighed
U-tubes with ground glass stop-cocks and weighed. The tests
were carried on as follows.
With one 3top-cock open the U-tubes were heated in sand bath
at 300° for halh an hour and evacuated with water pump, and
after cooling were cleaned and weighed. After flushing out the
apparatus with hydrogen bromide^ each tuDe in turn wa3 connected
at D. Gas was allowed to pass in slowly and after standing
for two hours both stop-cocks were opened and hydrogen bromide
pa3sed through the tube for several minutes. The stop-cocks were
then closed and the tubes dried and weighed.
The results of three such tests for each kind of charcoal
are tabulated below.
Cocoanut Charcoal.
rescript ion of Tost .
Result 3.
Weight of U-tube 26.2960 grams
M H 11 jolus charcoal 32.7750
Weight of charcoal 6.4790 H
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A!Tl/*\11T1't" ** A R ^ 1"V>A 1 1 n
Applying suction alone to tubs after adsorption.
(2)
-Weicht of TJ-tube 32. 7910 n
With heat and suction.
(3)~Weight of TJ-tube 32.7730 n
Amount adsorbed in three tests (l) 0.0396 n
(2) 0.0316 «
(3) 0.0391 n
Average amount adsorbed by 6.4790 grams of cocoanut oh a T—wild JL
coal i3 0,0334 MX omo
One gram adsorbs 0.0051 w nf
hydrogen bromide at room temperature and pressure. (approximate-
ly 750 mm and 20° C.
)
Corn Cob Charcoal.
-Weight of TJ-tube 27.0910 grams
"
w
" plus charcoal 29,2450 N
Weight of charcoal 2.1540 n
After heating and evacuating
(l)-Weight of TJ-tube plus charcoal 29.2168 n
H
" " after adsorption 29. 2332 «
Amount adsorbed 0.0164 n
Applying suction alone to tube after ad-
(2)- sorption Wt. 29.2214 N
(3) -With heat and suction 29.2195 H
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Amount adaorbed in three teat a. (D- 0.0164 grams
(2)- 0.0160
(3)- 0.0185
Average amount adsorbed by 2,1540 grains of corn cob char-
coal is 6.0177
One gram adsorbs 0.0082
hydrogen bromide.
Conclusions.
From data obtained from former experiments with copper sul-
phate and hydrogen bromide it was calculated that at least 45
grams of the gas would be needed at one time. This would mean
that enough charcoal to adsorb 45 grams of hydrogen bromide would
have to be used.
In the case of corn cob charcoal, which showed the greatest
adsorbing power, one gram adsorbed .0082 grams of hydrogen bromide
To adsorb 45 grams 5487 grams of charcoal would be necessary.
Owing to the uifficulty that woula be encountered in heat-
ing this large amount and owing to the fact that in no case in
the experimental tests was the hydrogen bromide all driven off
by heating and evacuating this plan was considered unadvisable.
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EXPERIMENT AL. ( Cont
.
)
Sorption by Copper Sulphate.
The object of these experiments was to determine the reactions
involved when pure hydrogen bromide comes in contact with an-
hydrous copper sulphate.
Preparation of Materials.
Bromine. 1000 grams of bromine was slowly added to 700
grams of sodium hydroxide in enough water to dissolve the sodium
hydroxide and the solution evaporated almost to dryness. The
scum was poured off and the crystals placed in a distilling flask
fitted to a condenser with grouna glass connections. From a
dropping funnel concentrated sulphuric acid was adaed and the
bromine distilled over and collected.
Copper Sulphate, 700 grams of copper sulphate were dis-
solved in water and the solution filtered. 5 grams of sodium
hydroxide were added and the solution evaporated until crystals
formed. The liquor was poured off and the crystals washed and
dissolved in water. The solution evaporated almost to dryness
and decanted. This process was repeated three times. After
the third evaporation the crystals were dissolved in water and
the solution made acid with concentrated sulphuric acid. This
solution was evaporated to dryness and the crystals washed and
dissolved and treated with a second portion of acid. The final
evaporation was carried on until the concentration of the solution
gave crystals the size of a pea. These crystals were dried and
heated in an electric oven at a temperature of 450° C for 24
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hourB. Th3 first yield of crystals was decomposed in the oven
owing to the temperature going above 500° C.
Apparatus.
The apparatus wa3 constructed as shown on Plate II. Hydro-
gen bromide was generated in A by uropping prepared bromine
on moist red phosphorous. The first gas prepared in this way
seemed to carry some traces of a phosphorous compound with it.
In order to remedy this an excess of water was placed over the
phosphorous. After the addition of this water the reaction was
3low and when an excess of bromine was added to hasten it an
explosion occurred blowing off the top of the generator. The
reaction seemed to go best when little water was present and the
gas for the tests was made in this way, a small quantity of water
being added when any sign of phosphorous was noticed.
U-tubes B contained moist red phosphorous and glass beads.
These tubes were used as purifying tubes to guard against any
free bromine coming over with the gas.
The TJ-tube C contained calcium bromide to dry the gas.
Tube D contained anhydrous copper sulphate. G the main ab-
sorption bulb contained anhydrous copper sulphate.
Air Calibration of Bulb.
After filling and sealing off bulb G with the prepared
copper sulphate it was placed in a sand bath and heated for four
hours at a. temperature off 300°, to drive off all moisture. Dur-
ing the heating one stop-cock was left open.
A series of weights at different pressures was taken to
obtain its volume and to see if any air was adsorbed by the copper
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sulphate. The re suit 3 of these readings are tabulated below and
shown graphically on curve sheet I
Corrected Bulb Weight
Barometric Temperature of
Pressure Bulb
iflcLIlOiuO lax
Reading
TTi nil
Pressure
riwuoui
w
o
e
748.8 15 156.3150 748,8 710
748.8 15.2 156.2739 283 465, 8 441
748.82 15 156.2590 350 398. 82 379
748.82 14.9 156,2448 434 314. 82 297
748.85 14.9 156.2104 644 105. 5 100
738.2 21 156.2329 461 277.2 258
740 21 156.2753 196 544, 515
740 21.5 156,3015 740 685
The pressures at 0° are obtained from equation
P : P = T
o
1 TA
o
748.8 : X = 288
X = 710
: 273
In so much as the volumes at diffent pressures are inversely
proportional to their pressures, the mass of a constant volume
can be found when two weights at different pressures are known.
710 - 441 = 269 difference in pressures.
156,315 - 156,2739 - 0.0411 difference in weights.
269 x v
710
V =
411
411 x 710
269
1083 grams •
Weight of one gram air at 0° and 760 mm pressure = .0129 g.
V 0.1083 Q _a 83 cc
0.0129
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The purifying train was flushed out with hyarogen bromide
until it alone was contained in the train. The copper sulphate
in the tube D became a chocolate color and bromine gas appeared
in the tube above the substance. The flushing out was carried on
until all traces of bromine disappeared.
A series of readings wa3 started each being conducted as
follows. After sealing on the absorption bulb G, which had been
previously evacuated to lowest obtainable pressure of a mercury
pimp the inside stop-cock was opened and hydrogen bromide allowed
to pass in slowly until the desired pressure was reached. The
flow of gas wa3 then turned off and after an interval of time a
second reading taken. The stop-cock on bulb G was then closed
and the latter detached and thoroughly cleaned and weighed. The
data resulting from these readings are tabulated below.
Corrected Manometer Final Weight
Barometric Reading Pressure
Pressure
748,14 748.14 156.2022
748.14 505 245.14 156.5458
744.86 480 264.86 156.8479
744.89 276 468.89 156.94001
744.76 207 536,76 156.9845
743.15 135 608.15 157.0800
743.28 64 679.28 157,0820
After the first three readings an excess of bromine gas was
noticed in the bulb and although the weight increased very little
with rise of pressure, in the following readings only a small
part of the contents showed the usual brown color accompanying
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complete saturation of copper sulphate. The substance close to
the entering tube became a dark chocolate color. The pressure
weight readings showed that an excess of gas or gases not being
absorbed were present and thi3 fact with the appearance of bromine
indicated that the reaction was of a complex nature and probably
as follows:
CuS04 2 HBr —> C!uS04»HBr (?)
CuS0 4 -f- 2 HBr —^ CuBr2 H2S04
H
2
S0 4 "*" 2 HBr —*~ Br2 "*~ S02 2 H2°
In an attempt to eliminate the later reactions the temper-
ature of the bulb was lowered by adding a brine solution to the
surrounding ice and with the temperature at approximately -10° C
the hyarogen bromiae was passea through bulb until the total con-
tents became a dark chocolate color. The reaction appeared to be
the same. The gas coming from the bulb was passed into a wash
bottle and a qualitative analysis of the contents of this bcttle
showed the presence of hydrogen bromide, sulphuric acid and sul-
phur dioxide. These facts showed that the bulb did not contain
one definite chemical or adsorption compound but a mixture and
for this reason it wa3 thought unadvisable to take a series of
pressure weight readings on the contents of the bulb.
A qualitative analysis of some of the substance in the bulb
showed the presence of copper, bromine, and sulphur.
When some of the substance was added to absolute alcohol it
was dissolved completely, showing the absence of copper sulphate
which is insoluble in alcohol.
When water was gradually added to some of the substance the
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the result was first a brown solution, then a green solution and
lastly a blue solution.
When some of the substance 'vas heated to 300° C bromine was
evolved and a white solid resulted. This white residue was in-
soluble in water. If adsorption alone had taken place hydrogen
bromiue would be evolved on heating and the substance would be
soluble in water.
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CQNCLUSION.
When pure hydrogen bromide cornea in contact with pure an-
hyurous copper sulphate a double decomposition takes place re-
presented by the follov7ing reactions.
CuS04 2 HBr ^ CuBr2 H2S04
H
2
S04 2 HBr * Br2
""** 2 H2° S02
If simple adsorption between the copper sulphate and hydrogen
bromide occurs the system is very unstable and the constituents
immediately rearrange as shown above.
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EXPERIMENTAL (Cont.)
Sorption by Magnesium Sulphate.
Preparation o f Magnesium Sulphate . 250 grains of M2SO4 were
dissolved in water and the solution filtered. The filtrate was
evaporated until crystals began to form and the scum poured off.
Thecrystals were washed, redissolved, ana rear ystallized. This
process was repeated four times, the last two solutions being
made acid with concentrated sulphuric acid. The final evaporation
wa3 carried on so that crystals the size of a pea were obtained.
These crystals were dried and after partial dehydration were
heated in an electric oven for 24 hours at a temperature of 500° C.
Air Calibration of Tube.
The prepared Magnesium sulphate was placed in a glass stop-
pered TJ-tube and'heated in sand bath for four hours at a temper-
ature of 300c C. During the heating one 3top-cock was left open.
The TJ-tube was then calibrated in the same manner as the one con-
taining copper sulphate. The results are tabulated below and
shown graphically on Curve Sheet II.
Corrected
Barometric
Re ading
ilanometer
Reading
Final
Pressure
Tube
Temperature
Pres-
sure
at 0°
Weight
or
Tube
735. 18 735.18 22.2 680 75.1092
735.18 282 453.18 23. 416.5 75.0859
735.18 446 289.18 23. 267. 75.0730
735.18 504 231,18 23.1 212.2 75,0694
735.88 616 119,18 23,2 110. 75.0593
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Corrected Manometer Final Tube Pres- Weight
Barometric Reading Pressure Temperature sure ^ or
Reading at 0° Tube
735.2 410 325.2 23,2 300 75.0750
735.2 240 495.2 23, 457 75.0912
735.66 735.66 13.5 685 75.1090
680 - 416.5 = 263.5 difference in pressures
75.1092 - 75.0859 = 0.0233 difference in weight.
tf.0233 x 680
263.5
0/0601
0. 00129
0601 grain air.
46.61 cc volume of tube.
After flushing out apparatus, used for copper sulphate tests
shown on Plate II, the U-tube, which had been evacuated to lowest
possible pressure with vaccuum pump was sealed on purifying train
with Khotinsky cement. Hyurogen bromide wa3 allowed to pass in
slowly until the contents became saturated at 0° and atmospheric
pressure. During the passing in of hydrogen bromide, there was
no evidence of any chemical action. The magnesium sulphate re-
tained its white color and no gases appeared in the tube. No
slow absorption seemed to take place as in the case with copper
sulphate.
An analysis of wash water in wash bottle used to collect gas
from tube showed presence of hydrogen bromide alone.
The tube was disconnected, cleanea and weighed. The results
are given below:
Weight of U-tube » 63.2123 grams
Weight of tubeH- MgS04 = 74.9361
w
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Woight of Magnesium Sulphate = 10.2762 gram3
Weight of U-tube after addition
of glass wool ana evacuation = 75.0600 N
Weight after addition of hydro-
gen bromide = 75.1708
Increase in weight .1108 ii
Upon calibration the tube wa3 found to have 46.6 cc of free
space not occupied by solid material! One cubic centimeter of
hydrogen bromide at 0° and 760 mm pressure weighs .0036 grams.
If the tube had contained gaseous hydrogen bromide alone none
being absorbed by the magnesium sulphate, the increase in weight
shoula have been 0.1680 gram. This is 0.0572 grams in excess of
what was found by weights.
All attempts to check thi3 result or obtain theoretical
weights were unsuccessful. In no case was the increase in weight
above 0.1200 gram3.
The inability to obtain checks was undoubtedly due in part
to the fact that throughout the work with magnesium sulphate a
great deal of trouble was experienced with the lubricants used
for stop-cock. Although all precautions possible were taken upon
heating this form of apparatus in sand bath the lubricant would
melt. When an excess of lubricant, with a higher melting point
was used, the stop-cock would stick when the tube was cooled to
0° and could only be opened and closed by heating. In all proba-
bility at no time was a tight connection obtained with this form
of absorption bulb used with magnesium sulphate.
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CONCLUSION.
Owing to lack of check results no definite conclusions can
be arawn from this work.
It can be said that when pure hydrogen bromide comes in con
tact with pura magnesium sulphate no chemical action takes place
and no evidence of adsorption was obtained. The result 3eems to
be the same as that obtained by Kane (12) in his work with hy-
drogen chloride and magnesium sulphate. In this experiment the
magnesium sulphate was unaltered and did not change in weight.
—0O0
—
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